basis of the techniques employed in the present study it seems that breakdown of the blood-retinal barrier is an earlier event than disturbance of neurosensory function in the development of diabetic retinopathy. However, the findings give no evidence of a causal relationship between barrier leakage and damage to sensory cell function.
Diabetic retinopathy displays a complex morphological picture which results from retinal ischaemia, new vessel formation, and breakdown of the blood-retinal barrier.' Some studies have suggested that breakdown of the bloodretinal barrier leakage is an early, or perhaps the earliest, sign of pathology in the development of retinopathy.'2 This barrier leakage can be studied qualitatively on fluorescein angiograms3 by detecting localised hyperfluorescence that increases and diffuses through the angiographic phases, and signs of barrier leakage can be seen on fundus photographs as hard exudates, which are assumed to be precipitates of lipoprotein exuded from the blood stream. Furthermore, a quantitative estimate of blood-retinal barrier leakage can be obtained by vitreous fluorophotometry.
Some authors have alternatively proposed that the earliest sign of pathology in diabetic retinopathy might be a disturbance of neurosensory function. Although pronounced fluorescein leakage in the macular area as studied on fluorescent angiograms is often associated with decreased visual acuity, the association between barrier leakage and neurosensory function has not been examined in detail.
The purpose of the present study was to correlate signs of blood-retinal barrier leakage as seen on fundus photographs and fluorescein angiograms with neurosensory function as determined by computerised perimetry. To 600 with the camera employed here) with the foveal region in centre, and the accuracy of the overlay of visual field data on to the corresponding fundus photograph is better than 10 .
The technique was developed by establishing imaging in the fundus camera in an optical model. This model consisted of a concave spherical surface containing targets with known angular position and a lens in front of the sphere. By photographing the sphere through a +3 D lens located 0'33 m in front of (in the centre of) the sphere, imaging through the fundus camera when photographing the fundus of an emmetropic eye was simulated. By studying the location on the film of targets with known angular position in the sphere, camera distortion could be established. By subsequently varying the power of the lens and focusing the sphere through the lens, imaging in the fundus camera when photographing eyes with different degrees of ametropia was simulated. On photographs of the sphere the size of the photographic field of view as a function of ametropia could thereby be established.
With this knowledge of the optical imaging in the fundus camera, the visual field printout could be reduced in each patient to match the size of the corresponding fundus photograph. The visual field was inverted about a horizontal axis, and the overlay was subsequently done on a basis oftwo points of reference. One, the fixation In the normal volunteers the average of decibel values from each stimulus point showed a decrease of 0 4 dB/degree from the centre towards the periphery of the visual field, with an extrapolated value of 21 dB in the centre and ranging ± 3 dB from this mean line. For all patients the decibel values in non-scotomatous areas were within the range of normal persons.
No correlation was found between bloodretinal barrier leakage and retinal light sensitivity. In 16 patients who represented all degrees of barrier leakage there was normal light sensitivity in areas which displayed localised leakage (see Figs 1 and 2) . In four patients localised scotomata occurred. These patients had pronounced morphological signs of maculopathy, in three cases including macular oedema (see Fig  3) , and when the scotomata included the foveola there was an accompanying decrease in visual acuity. However, these scotomata did not correlate topographically with barrier leakage as studied on fluorescein angiograms; this is, localised leaking areas as well as localised non-leaking areas occurred in the same pattern over both normally and abnormally functioning retina.
The permeability values obtained by vitreous fluorophotometry ranged between 1 2 x 10-7 cm/s and 7*0 X 10 -cm/s (mean normal value 1 lx10-7 cm/s (SD 0*4)x 10-7 cm/s). 8 scotomata occurred. However, the relation of retinal oedema to blood-retinal barrier leakage is rather difficult to evaluate, since oedema reflects the sum of net transcapillary fluid flow and production of metabolic water in the retinal tissue, whereas barrier leakage studied with fluorescein angiography and vitreous fluorophotometry almost exclusively refers to leakage out of the blood vessels.
The blood-retinal barrier system is composed oftwo barriers -an inner barrier consisting of the endothelial lining of the retinal capillaries, and an outer barrier consisting of the pigment epithelium. A differentiation of these two barriers is not possible by merely studying leakage on fluorescein angiograms. Leakage through each of these two barriers may indicate very different pathophysiological mechanismsfor the inner barrier a disturbance of the retinal vascular system, and for the outer barrier a disturbance of the pigment epithelium, which is supplied by the choroidal cirulatory system. Possible neuronal damage caused by breakdown of the two barriers might in theory be differentiated by determination of localised neurosensory function, for example, by employing computerised perimetry. Leakage through the outer barrier would be a consequence of disturbed function ofthe pigment epithelium and therefore possibly be accompanied by an impaired function of the sensory cells, eventually resulting in scotomata in the visual field. In contrast, leakage through the inner barrier would not primarily cause damage to retinal neurons and therefore, at least in the initial stages, not cause scotomata in the visual field. Provided such reasoning is valid, the findings of the present study seem to indicate that blood-retinal barrier leakage is mainly caused by a breakdown of the inner barrier. However, a technique for the true separation of the two barriers is needed in order to clarify this question.
When studying retinal light sensitivity in areas displaying localised blood-retinal barrier leakage the scotomata to be found, if any, must be expected to be small. Therefore appropriate stimulus conditions for the detection of small scotomata are required. In a recent study it has been established that the smallest stimulus size possible should be employed when dense stimulus patterns are used for the detection of small scotomata.'" Thus the optimal stimulus parameters available on the HFA were chosen by combining Goldmann 
